Abstract Bird surveys are among the most widely used biodiversity inventories and serve as the basis for an increasing proportion of pure and applied ecological research. It is rarely possible to conduct exhaustive censuses of all individuals present at a particular site, so stopping rules are routinely used to determine when sampling should finish. Most bird survey methods use (implicit) effort-based stopping rules, either fixed times, fixed sampling areas (quadrats) or both, to standardize samples of different sites. If between-site variation is high, however, a fixed sampling effort will generate samples of variable completeness with samples from smaller, less complex sites being more representative and complete than samples from larger, more complex sites. More importantly, quadrat-based methods shift the scope of the overall study from bird occurrence in sites to bird occurrence in quadrats within sites, diminishing the impact of the research given that results cannot be extrapolated to relevant biological and management scales. Here I advocate an alternative means of conducting bird surveys, whereby the entire site is sampled and a results-based stopping rule is used to ensure sample completeness is uniform across all sites. For example, a researcher may decide to continue sampling each site until two or fewer previously unencountered species are recorded in a 40-min period. Samples of different sites will vary in both area and duration but will all be equivalently accurate estimates of species richness. This approach allows the avifauna of entire sites (whether territories, woodland remnants or catchments) to be sampled and compared directly, generating results and implications at the appropriate scale. In addition to yielding reliable measures of species richness, data collected this way can be used to calculate estimates of sample completeness and species incidence, two valuable metrics for ecological studies. This paper includes detailed worked examples of how to conduct a 'standardized search' and calculate sample completeness and species incidence estimates. I encourage further research on bird survey methods, and suggest that most current methods are insufficient, inconsistent and unreliable.
INTRODUCTION
An increasing amount of ecological research relies on measures of bird species richness to address a range of questions (Rosenstock et al . 2002) . Whether comparing revegetation plots of various ages, different habitats or remnants of varying area, bird surveys are a relatively straightforward and efficient means of estimating biodiversity. In addition to research-based projects, these methods are gaining widespread use among agencies and extension groups to measure baseline patterns of diversity and gauge the effectiveness of management practices (Freudenberger 2001) . Despite this popularity, attention is rarely given to the adequacy of sampling methods used and the best ways to apply them. Many studies use inappropriate methods, which may lead to large systematic errors in resultant data and, subsequently, erroneous conclusions and misguided management (Verner 1985) . Rather than continue applying methods of questionable utility, Verner (1985) highlighted the need for research into alternative approaches. Several new methods or modifications to existing methods have recently been proposed (Mac Nally & Horrocks 2002; Thompson 2002) , but many are not applicable to communitybased richness estimates (Tarvin et al . 1998; Anthony et al . 1999) or apply solely to territorial species (Nichols et al . 2000; Rosenstock et al . 2002) , a relatively small subset of Australian terrestrial birds (Recher 1988) .
In this contribution, I examine several methodological issues that have been neglected in the ornithological and ecological literature and identify some shortcomings of standard bird surveying methods. In particular, I discuss the frequent mismatch between the scale of sampling and the question/hypothesis being addressed, and critically evaluate the criteria used to determine when sampling should cease (stopping rules). Having explored these issues, I introduce an alternative approach. Rather than constituting an entirely new surveying technique, it offers a new way to apply existing methods to ensure consistency and maximize the comparability of results.
Throughout this paper, I use bird richness in habitat fragments as examples; this is a topic with which I have some experience (Watson et al . 2000; Watson 2002a Watson ,b, 2003 and which is currently motivating considerable research. The issues discussed here, however, pertain to field ornithology and ecological sampling more generally, and apply to any comparisons of richness.
Although not appropriate for all inventory-based studies, the approach advocated here is a straightforward, objective and repeatable means of estimating species richness of birds (and other organisms), making it a useful addition to the field ecologists' 'tool-box'.
SPATIAL SCALE AND SAMPLING DESIGN
Tailoring the scale and frequency of sampling to the question being addressed is the foundation of effective sampling (Schneider 1994) , and has been treated in considerable detail elsewhere (Cochran 1977; Thompson 1992; Krebs 1999) . The most popular methods for sampling bird communities use a fixed area (hereafter referred to as a quadrat) to standardize the scale of sampling (Emlen 1971; Verner 1985; Recher 1988) . A recent extensive review of 224 international journal articles on terrestrial bird distribution published between 1989 and 1998 found that the majority of studies relied upon these methods, with 46 and 29% of studies using point counts and strip transects, respectively (Rosenstock et al . 2002) . Quadrats may range in size from 5 m 2 (Nettleship 1976 ) to 50 km 2 (Udvardy 1981; Bibby et al . 1992) , with 1-2 ha being typical areas that are sampled by strip transects and point counts for patch-scale ecological studies of terrestrial birds (Recher 1988; Bibby et al . 1992; Rosenstock et al . 2002) . As long as quadrats are representative of the overall study site and are sampled with equivalent effort, the results are statistically comparable.
Given differences between species and sites, however, the results may not reflect actual differences in bird distribution between sites, and thus may not be biologically comparable. Using quadrat-based samples necessarily involves ignoring data; birds are invariably seen or heard outside the quadrat but cannot be included in analyses. Adding these incidental records would improve richness estimates, but would bias the survey towards those species that are more detectable (e.g. frequent, far-carrying calls; Mac Nally & Horrocks 2002; Thompson 2002) . Ideally, all species occurring within the patch would eventually be recorded from within the quadrat, but this is often not the case (Mac Nally & Watson 1997; Thompson et al . 1998 ). This may be because the quadrat does not represent the variation contained within the overall site (i.e. quadrat is too small or poorly located), but may also be driven by behavioural differences among species. For instance, some species allow much closer approaches than others and are thus more likely to be represented in quadrat counts, whereas others are more wary and are consistently undercounted or overlooked (Conant et al . 1981; Verner 1985; Bibby et al . 1992; Thompson 2002) .
These concerns are exemplified by a previous study I conducted (Mac Nally & Watson 1997; Watson et al . 2000) , which examined bird distribution in remnants of Buloke woodlands in western Victoria. Twentyseven remnants were sampled nine times using 20-min surveys within a 1-ha transect. Sixty-five species were recorded during these transect counts, while a further 29 species were only seen incidentally. Despite being observed in the remnants, they never occurred within a transect during a 20-min survey and therefore could not be included in any analyses. More problematic are those species seen during transect counts in some patches, but only seen incidentally in others. Thus, Laughing Kookaburras ( Dacelo novaeguineae ) were recorded within transects in three patches but were seen incidentally in an additional 13. They often perched outside transect boundaries and were thus consistently undercounted. In contrast, Grey Fantails ( Rhipidura fuliginosa ) were more confiding: they were recorded during transect counts in eight patches, with incidental records from an additional three. Transect placement also confounded representation. The main focus of the study was woodland-dependent birds, so transects were placed at least 20 m from remnant edges. Hooded Robins ( Melanodryas cucullata ) were noted during transect counts in 14 patches and were not recorded incidentally at any other sites. Conversely, Australian Ravens ( Corvus coronoides ) were recorded within transects during surveys in three patches but were seen incidentally in an additional 22, often on the edges of woodland remnants. Thus, differing behaviour and habitat preferences of species can have dramatic effects on the likelihood of being sampled adequately by quadrat-based methods.
An inherent consequence of quadrat-based approaches is that the scope of inquiry is shifted from the habitat patch to the quadrat (noted explicitly by Watson et al . 2000) . This change in scale may not be problematic. Indeed, many worthwhile questions involving density, habitat associations and effects of changing resource availability can best be addressed in fixed-area quadrats (Merikallio 1958; Emlen 1971; Järvinen & Väisänen 1975; Cochran 1977; Udvardy 1981) . It becomes a concern, however, when area is a variable of interest (Mac Nally & Horrocks 2002) . Thus, the question is not whether more species occur in larger patches; rather, it becomes whether there are more species in quadrats within larger patches, a very different question with a different set of expectations and hypotheses drawing on a different body of theoretical and empirical literature (Holt 1990; Loman & von Shantz 1991; Mac Nally & Watson 1997) . Shifting the scale of inquiry from patch to quadrat prevents the researcher from framing results and conclusions in reference to the patches themselves. Although this need not detract from the inherent value of the research, it does diminish the potential application of the findings. Land managers do not restrict grazing or alter fire regimes in a particular quadrat. They operate at the scale of the patch or region. As such, results of quadrat-based research have a reduced ability to inform management reliably, a major drawback for application-orientated research. When quadrat-based studies are the only information source available, results are often inadvertently extrapolated to the patch scale by the reader. Continuing with the above examples, considering Hooded Robins as present in greater than half of the woodland remnants would be accurate, but noting Laughing Kookaburras or Australian Ravens as occurring in fewer than four remnants would misrepresent known distribution patterns.
The alternative to fixed-area approaches is to use variable-area sampling, often using natural features to define the sampling area such as boundaries of territories, habitat patches and catchments. This approach is especially useful for patch-based studies, enabling the researcher to sample the entire patch (see Brooker 2002) . Because the patch is typically the unit of biological and conservation relevance, it makes intuitive sense to use it to define the scale of sampling (Schneider 1994) . The key drawback of this approach, and the reason why it has not been applied more widely to community-level investigations is standardization of sample completeness. How can sample completeness be standardized if different sized areas are sampled?
SAMPLING COMPLETENESS
Given well-described behavioural responses, effects of habitat complexity, identification issues and various other confounding factors, it is rarely possible to conduct an accurate census ( sensu Verner 1985) and quantify all bird species occurring in a given area at any one time (Kendeigh 1944; Shields 1979; Ralph et al . 1995; Thompson 2002) . Most bird surveys are therefore incomplete. Sampling methods aim to maximize completeness (i.e. approach the actual number of species present at that time) and, more importantly, ensure that the level of completeness is equivalent across all sites being sampled. The amount of time required before a sample can be considered complete varies greatly, with published estimates ranging from more than 6 weeks for an intact lowland rainforest (Beehler et al. 1995) to 3 min for small roadside verges (Fortin & Arnold 1997) . Strictly speaking, an inventory is complete once every species has been recorded in at least two sampling intervals (Colwell & Coddington 1994) , but I am unaware of any ornithological application applying this definitive criterion. In reality, sampling is constrained primarily by time and budgetary restrictions, thus deciding when to stop sampling one site and begin sampling another reflects a balance between required resolution and available resources. These decision-making processes are known collectively as stopping rules (Musa et al. 1987; Peterson & Slade 1998) , and fall into two broad classes: effortbased and results-based.
Effort-based stopping rules
Most bird survey methods use fixed time-spans for all samples (e.g. 30-min transect count, 20-min intensive search; 5-min point count), thereby standardizing sampling effort across all sites. All birds observed within the specified time period are recorded, often after an initial waiting period to minimize disturbance. Given variation among sites, however, this fixed effort will yield samples of differing completeness. Thus, 20-min samples from smaller, low-quality patches will be more complete (i.e. closer to the actual richness of the patch) than 20-min samples from larger, higher quality areas (Watson et al. 2000; Mac Nally & Horrocks 2002) .
One solution to this problem is to use proportional sampling, where effort is scaled to patch area or some other measure of patch quality. If scaled correctly, this approach has the potential to generate data of equivalent completeness from patches of varying area and quality. In most studies using this approach, sampling effort is scaled to patch area, where proportionally more time is spent in larger patches (Forman et al. 1976; Ambuel & Temple 1983; Arnold & Weeldenberg 1990) . This only compounds the problem, however, raising the possibility that samples from larger patches are more complete because total sampling effort was greater. Mac Nally and Horrocks (2002) offered an alternative approach, scaling the area sampled to patch area by using multiple transects but holding total effort constant (known as time-balanced area-proportionate sampling). As with other proportional approaches, this presupposes that (i) area is the most important patchscale variable affecting diversities and (ii) the number of quadrats is scaled appropriately, both of which are highly equivocal for most systems.
Thus, effort-based stopping rules in general are frequently inappropriate for measuring bird richness (and many other kinds of biological sampling). They compare subsets of the patch that are likely to be unrepresentative or they rely on an arbitrary criterion to terminate sampling in all sites, yielding data of differing completeness that cannot be interpreted at the patch-scale. Post-hoc standardization methods such as rarefaction have been advocated by James and Rathbun (1981) and are especially useful for improving the utility of data already collected using fixed-effort procedures (Young et al. 1998) . The method entails removing data, ignoring the presence of some species in some sites to ensure data from all sites are equivalently complete. Given the time and cost involved in collecting these data initially, discarding information is both wasteful and methodologically problematic. As with quadrat-based sampling, if a researcher knows that a certain species occurs in a particular patch but then discards that information to standardize the data, this leads to conflict when interpreting and applying the results for management and conservation. These concerns notwithstanding, rarefaction is a powerful standardization technique, and can be used to correct existing data sets to improve comparability (Colwell & Coddington 1994 ; but see Krebs 1999) .
Results-based stopping rules
An alternative to using effort-based stopping rules is to use the actual data to determine when sampling is complete. Although results-based stopping rules are routinely used to standardize quality control in the manufacturing industry (e.g. checking software for bugs; Musa et al. 1987) and have been discussed widely in the broader ecological literature (Soberón & Llorente 1993; Colwell & Coddington 1994; Peterson & Slade 1998) , they have not been embraced by the ornithological community and are not mentioned in any recent methodological reviews (Gilbert et al. 1998; Thompson et al. 1998; Rosenstock et al. 2002; Thompson 2002) . The fundamental approach is simple: decide on a robust rule and apply it during sampling. Once the data satisfy the rule, the survey is complete. Thus, 'stop surveying the patch after 15 min in which two previously unencountered species or fewer are observed', or 'continue surveying the habitat until there are three sequential 20-min periods in which no new species are seen' are both tractable stopping rules. The actual time taken to satisfy the rule is immaterial. Provided sampling methods are applied consistently in all sampling periods at every site, the data will be standardized, representative and above all, equivalently complete (Peterson & Slade 1998) .
Note, however, that this approach does not specify which methods or combination of methods are used. The only stipulation is that the same methods are used in each sampling interval at all sites. Thus a resultsbased stopping rule can be used to determine when a point count is complete, when a transect count should finish or when to stop mist-netting. Rather than an alternative method for sampling bird communities, this approach is an alternative means for deciding when to stop sampling. As Peterson and Slade (1998) pointed out, results-based stopping rules need not require greater total sampling effort, and frequently take less time to complete because they minimize under-and over-sampling patches. They do not generate true censuses, but surveys of a predetermined and consistent completeness. However, the data will still be limited by the methods used, and hence may not accurately represent community composition.
THE 'STANDARDIZED SEARCH'
Applying results-based stopping rules to entire-patch surveys, I propose an alternative way to sample bird communities that is ideally suited to comparing richnesses of terresrial birds in patchy landscapes. Called the 'standardized search', this means of surveying combines the comparability and statistical rigour of quadrat-based methods with the flexibility and spatial relevance of variable-time methods, to yield data of standardized completeness at the patch scale. As such, the approach lends itself to studies of bird distribution in patchy landscapes where patch attributes are variables of interest, potentially solving the 'space-time sampling dilemma' identified by Mac Nally and Horrocks (2002) .
In order to use this approach, three factors need to be defined: (i) sampling methods; (ii) interval time; and (iii) stopping rule. Just as with Loyn's (1986) approach, I advocate moving freely throughout the area of inquiry, sampling all habitats and features represented within the study site (see also Brooker 2002) . For studies in small patches (<30-50 ha) sampling is best conducted by walking throughout the patch in every sampling period, whereas for larger patches, focusing on non-overlapping subsets during each sampling interval is preferable. As long as equivalent sampling effort is conducted during each interval, resultant data will be directly comparable.
Unlike other bird surveying techniques, sampling is divided into discrete units or sampling intervals, and determining the duration of these intervals is the next step. From experience sampling birds in a range of forested habitats, 15 min is the smallest practicable interval, but for larger forest patches (up to 150 000 ha) I have used sampling intervals of 12 h (resulting in up to 7 full days of continuous sampling before attaining the desired completeness; Watson 2003) . For surveys in most sites, however, intervals of between 15 and 60 min should suffice, with longer intervals typically needed in denser habitats or areas with higher species richness. Smaller sampling intervals will yield more highly resolved data, and can easily be combined subsequently into larger intervals if required.
The final step is to decide on an appropriate stopping rule, which will depend on the question being addressed and the amount of time available. Thus the questions 'how many species are found in this habitat?' and 'are more species found in this habitat than that one?' require rules of differing resolution, with the former invariably needing more data to satisfy. Start by collecting data from two or three of the sites you are seeking to compare (patches of different size, stands of varying age, different habitats) and build up a set of species accumulation curves (cumulative number of species recorded vs sample interval; Figs 1 and 2) , one for each site. As the data approach the level of completeness required (i.e. as the curve begins to plateau) or as you reach the limit of time you can dedicate to sampling one site, the stopping rule can be defined. In addition to estimating species richness, these curves will reveal the magnitude of the difference between the sites (the 'effect size') and the effort required before this difference becomes clear. If this difference is large, a relatively lenient stopping rule can be used but if the difference is small, a stricter rule will be required (in order to yield more complete data).
In formulating a stopping rule, the likelihood of prematurely tripping the rule should be minimized. One solution is to use a compound rule. Thus, 'stop after three sequential periods in which a total of two new species or fewer are encountered' is more robust than 'stop once one new species or fewer is encountered in a single sample', and therefore less liable to be affected by weather, time of day or other confounding factors. Even with these compound rules, however, sample order can affect when sampling stops, particularly when all samples of one site are arranged consecutively. An alternative is to express stopping rules in terms of the ratio of singletons (species seen in only one sampling period) to doubletons (species seen in two sampling periods): the higher this ratio is, the greater the likelihood of the sample being incomplete (applicable only for more than two sampling periods, otherwise all species will be singletons or doubletons). Rules of this type are routinely used to predict total species richness based on inventory data (see the 'Quantifying sample completeness' section) and have been subjected to considerable quantitative evaluation (Colwell & Coddington 1994; Peterson & Slade 1998; Herzog et al. 2002; Longino et al. 2002) , assessing how various equations behave under different conditions. Moreover, these rules are relatively easy to apply: at the end of each sample calculate this ratio and if the value is lower than your threshold, sampling is complete.
In a recent study that explored the long-term consequences of habitat fragmentation, data were collected on the distribution of forest-dependent birds in 17 fragments of humid pine-oak forest in Oaxaca, southern Mexico (Watson 2003) . Despite ranging in area from 2 ha to almost 160 000 ha, the forest fragments were all sampled to the same degree of completeness. To the best of my knowledge, this is the only published study to use an explicit results-based stopping rule to standardize samples of avian richness, and the first application of the standardized search. Given the area of some of these forest fragments, sampling intervals were half-days (pre-dawn to midday, midday to after dusk), and sampling was terminated once two consecutive sampling periods yielded a total of zero or one previously unrecorded Fig. 1 . Species accumulation curves for five fragments of humid pine-oak forest in Oaxaca Mexico, ranging in area from 2 ha to almost 70 000 ha with total observed avian richness ranging from 7 to 83 (Watson 2003) . The same stopping rule was used to determine when each site had been sampled adequately, thereby ensuring equivalent completeness for inventories of all sites. forest-dependent species. During each sampling interval, I walked throughout the forest both on and off trails, taking a different route each period in all but the smallest patches. Inventories ranged from 14 sampling periods (i.e. 7 days of continuous sampling) to three sampling periods (i.e. 1.5 days), but yielded samples of equivalent completeness ( Fig. 1; Watson 2003) . Few other methods can be used to sample patches spanning five orders of magnitude in area, highlighting the utility of the standardized search for research into distribution patterns of birds in patchy landscapes.
WORKED EXAMPLE: AVIFAUNA OF TWO WOODLAND REMNANTS IN EASTERN AUSTRALIA
In a recent study of the effect of mistletoe on bird diversity, surveys were conducted in two adjacent woodland remnants in southern New South Wales, Australia. The remnants were similar in all respects except mistletoe density (most mistletoe plants had been removed from one remnant by the landholder; Watson 2002a). Because I was interested in estimating Australian Magpie Gymnorhina tibicen
The numbers 1-10 correspond to 10 1-h samples, conducted on 5-6 January 2001, with species listed in order of observation. ϫ, Presence (at least one individual was seen or heard within the remnant during that sampling period); -, absence. *Waterbirds, aerial foragers and open country species that were removed prior to analysis of woodland species richness. the actual richness of bird assemblages, I sampled both patches with 10 1-h surveys in both spring and summer, yielding a total of 40 h of surveys. Full data for one inventory are presented (summer 2001, reduced mistletoe; Table 1) , with all four inventories depicted graphically (Fig. 2) . Rather than simply listing all species seen, sampling is divided into discrete intervals, 1 h in this case, with a separate list recorded for each interval (Table 1) . Thus for the first period, all species encountered are noted as present in interval one (in this case, 20 species). For interval two, a second list is produced. All species previously seen are noted as either present or absent, and any previously unencountered species added (in this case, three). Sampling thus continues until the stopping rule is satisfied. For this study, effort was standardized to 10 h for each inventory, alternating between the two remnants to minimize any time-of-day effects, but a stopping rule can be applied to the data a posteriori. Thus, 'the survey of woodland birds is complete once the ratio of singletons to doubletons is Յ1.2' represents a realistic stopping rule, easily calculated at the end of each sample. For this survey, the data would satisfy the rule after four samples, whereas the other three surveys would be similarly complete after four, seven and eight samples (see Table 2 , Fig. 2) . Thus a total of 23 h is needed to obtain four surveys of equivalent completeness, almost half of the actual effort expended. Comparing these standardized richness estimates with values after the full 10 h inventories reveals high consistency, with all four estimates being between 84 and 95% of total measured richness (Table 2) , and exhibiting the same relative pattern (Fig. 2) .
In addition to differences in methods, it is interesting to compare the sampling effort used in the present study with survey durations typically used in studies of woodland birds in Australia. For the inventory presented here (Table 1) , 20 species were recorded during the first hour, subsequent hourly counts ranged from 17 to 24, 27 species were recorded from the first 3 h, and a total of 7 h was required to reach the maximum recorded richness for the site (37 species; Table 1 ). An additional 15 species were seen during the other 10 h inventory conducted in summer, with new woodland species added in the final sampling interval (Fig. 2) . Thus, after 20 h of surveys, 52 species were recorded from the site, including 38 woodland species, with 46 woodland species recorded from the adjoining site (Watson 2002a ). These two sites were remnants of grassy box woodland, 36 and 33 ha in area, and are representative of many sites typically surveyed using 3-10 ϫ 20-30 min surveys (Recher 1988; Er et al. 1995; Slater 1995; Kutt 1996; Watson et al. 2000; Major et al. 2001; Mac Nally & Horrocks 2002) , however, recorded richness is substantially higher than reported for equivalent sites. This suggests that commonly used sampling efforts may often be inadequate to gain an accurate estimate of bird richness in many studies. Even if relative richness is sought, note that differences between the two sites only became apparent after 8 h for the summer inventories (Fig. 2) . Regardless of the sampling methods used, researchers are strongly advised to conduct an exhaustive survey such as this as part of their preliminary fieldwork (Verner 1985) , both to determine rates of species accumulation and to ensure that they are aware of how complete and representative their samples are.
DENSITY, RELATIVE ABUNDANCE AND INCIDENCE
So far, I have restricted discussion to species richness, a nominal estimate of how many species occur in a particular area. Other variables that are useful to avian ecologists are density and abundance, ordinal indices that yield a more fine-grained measure of distribution than richness and therefore are more useful for revealing subtle changes in distributional patterns. Density is used more frequently than abundance because it is scaled relative to area and is more useful for betweensite comparisons (Verner 1985) . All the issues that affect the accurate measurement of species richness are amplified when trying to estimate densities. Having comprehensively reviewed studies using density estimates of birds, Verner (1985; p. 295) commented 'Sample sizes are inadequate; sampling procedures are unbalanced; analyses that assume independent samples These data were subjected to the following stopping rule a posteriori: 'the survey of woodland birds is complete once the ratio of singletons to doubletons is Յ1.2'. Between four and eight 1-h surveys were needed to satisfy this rule, but resultant values of sample completeness are similar for all inventories.
are used when samples are obviously not independent; even recommended standards and guidelines, although cited, are often ignored'. More recently, several reviews have highlighted the difficulties associated with estimating avian density, with factors including apparency and detectability known to differ among species, sites, seasons, and surveyors (Nichols et al. 2000; Pagen et al. 2002; Rosenstock et al. 2002) .
Although density cannot be calculated from standardized search data, an alternative measure can be derived that is applicable to many community-level studies. Incidence (or reporting rate) is the number of times a species was encountered (Dawson 1981) , that is, the number of intervals in which it was recorded divided by the total number of sampling intervals. This variable is prone to many of the same shortcomings as density, however, and the data used to calculate it are not independent (the presence of a species in one sample at a site is influenced by whether it was there in a previous sample). Nonetheless, given that hearing an individual bird once and seeing large flocks repeatedly during a sampling period are treated as equivalent (both qualify as a presence), this metric is relatively coarse-grained and therefore less affected by behavioural and site-based factors that confound density estimates. Using the data from Table 1, nine species had an incidence of 1 (10 out of 10), five species had an incidence of 0.9, and 11 species had an incidence of 0.1-0.2. Rather than translating to an estimate of true density or abundance (relative or absolute), incidence can be considered an indication of preference or site faithfulness (Dawson 1981; Verner 1985) . Hence, of the three species of thornbill recorded during this inventory, it is reasonable to suggest that the site is most important for Buff-rumped Thornbills (incidence of 1), of intermediate importance for Striated Thornbills (0.4) and of least importance for Brown Thornbills (0.1).
If estimates of density are central to the aims of the study, however, the standardized search is not appropriate, nor are most other community-based bird survey methods currently available. Intensive territory mapping, ideally in combination with mark-recapture methods can yield robust density estimates, but they are generally only tractable for single-species studies, and even then are often subject to untestable assumptions (Verner 1985; Bibby et al. 1992; Remsen & Good 1996) .
QUANTIFYING SAMPLE COMPLETENESS
For some applications, it may not be enough to ensure that the data are equivalently complete, an actual estimate of sample completeness is required. This can be readily derived from predicted total richness of the site, calculated from the inventory data using various estimator procedures (Soberón & Llorente 1993; Colwell & Coddington 1994; Peterson & Slade 1998) . Although frequently used by invertebrate biologists to provide an indication of the total richness in a given area (Longino et al. 2002) , the use of these predictive methods has been more limited by vertebrate biologists, primarily because which species are present is often regarded as more important than how many (see MacKinnon & Phillipps 1993) . Nonetheless, some recent research has demonstrated the utility of these methods in extrapolating bird richness based on rapid assessment data to generate rapid, robust total richness estimates for tropical areas where complete inventories are prohibitively time-consuming (Herzog et al. 2002) . In addition to generating predictions of total richness for conservation initiatives, these estimators can be used to quantify sample completeness by dividing observed richness by estimated total richness, yielding percentages analogous to confidence intervals.
Of the many estimators available, the Chao equations are probably the simplest and have gained the widest use (Soberón & Llorente 1993; Peterson & Slade 1998; Colwell 2001) . As with most other estimators, they use the ratio of singletons (species recorded in one sample only) to doubletons (species recorded in two samples only) to estimate the number of species that were not recorded. The greater the number of singletons, the higher is the likelihood of species being present but not recorded. Some recent comparative research suggests the Michaelis-Menten equations may be even more robust, despite being slightly more complex to compute (Herzog et al. 2002; Longino et al. 2002) .
Using the data summarized in Table 1 , predicted richness was calculated for total species and woodland species after two to seven 1-h samples using the Mmeans estimator (Colwell 2001 ; Table 3 ). Dividing observed richness values by predicted richness yields iterative estimates of sample completeness (Table 3) . As with most other estimator procedures used by Colwell (2001) , the Mmeans procedure uses resampling to prevent sample order from affecting the prediction (I used 1000 iterations here). Note that sample completeness increases rapidly, exceeding 95% after five samples, half of the 10-h inventory. A stopping rule can be designed based on these estimates to ensure that samples of all other sites attain a similar level of sample completeness (e.g. terminate sampling once estimated completeness exceeds 90%). Although this involves some brief calculations, it can be done readily in the field, enabling researchers to collect samples of known completeness quickly and repeatably. At low sample sizes, some of these estimators become unstable, and researchers interested in using them are advised to become familiar with the assumptions of the various methods (Colwell & Coddington 1994; Herzog et al. 2002) .
CONCLUSIONS AND PROSPECT
Most inventory-based studies of bird communities rely exclusively on point counts or transects: fixed effort methods that generate data of different (and unknown) completeness. Although useful for many aspects of quantitative bird ecology, the data they yield are not representative of the overall site and so they cannot be used to discuss patterns, processes or effects of management at the patch scale. Moreover, typical sampling efforts used (20-30 min or, rarely, 1 h) may be inadequate for all but the smallest or least complex sites. With transect-based studies increasingly used to inform land management, these shortcomings are important and should be given careful consideration when designing a study and interpreting findings from previous studies.
Although results-based stopping rules have been advocated by previous workers as a reliable means of ensuring the comparability of biodiversity inventories (Soberón & Llorente 1993; Peterson & Slade 1998) , they have not gained widespread use. One of the main reasons for this, I suspect, is that resultant inventories of variable areas and variable durations seem inconsistent, or somehow not comparable compared with surveys of fixed areas over fixed times. The time taken to conduct a survey is immaterial: as long as surveying methods and sample completeness are equivalent then the inventories are directly comparable and can be analysed using the same analytical tools and statistical tests that are routinely used to infer patterns from quadrat-based data. Having accepted the fact that bird surveys are necessarily incomplete, the next logical step is to ensure that all samples are equivalently complete and the standardized search can help achieve that aim. In addition to generating standardized representative richness data of equivalent (and known) completeness, estimates of incidence can be calculated allowing finegrained comparison of bird distribution across the study sites. Importantly, most of the factors that confound other sampling approaches, including habitat heterogeneity, secretive species and weather effects (Craig & Roberts 2001) , will serve only to extend the amount of effort required before satisfying the stopping rule.
Regardless of whether this approach becomes widely adopted or not, it is essential that careful thought be given to effect size, sample completeness and differences between absolute and relative richness measures; these are critical issues that are often overlooked. Before accepting the standardized search or any other approach as the preferred bird survey method, conduct your own comparisons as part of pilot work in your study area. You can then choose the method or suite of methods that best suits the aims of your research, rather than assuming that a commonly used technique is most appropriate. Finally, I encourage researchers to refine the standardized search, adapt it to suit their needs and contribute to the growing literature on ornithological sampling methods, thereby maximizing the validity and utility of research findings. manuscript. Discussions with students in the Graduate Certificate of Ornithology at Charles Sturt University helped to crystallize the thoughts presented here.
